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Peach's1 vory pretty explanation of tho formaticn of
mstallic whiskcrs? scems to be ruled cut by the observation’ tnat
they ~row at i5z roct. The growth scems to be 1nrluencedu by the
atmosphere over the surface. The energy required to form a fresh
surface may be .nore than repaid if it 1s attacked avidly enough
by tho atiosphere; thers i3 then an offoective negative surface
tension - J . We micht have perhaps )’bl ~ 1 ev
(b = luttice constant). The ratio j‘/)& ( /A— = shear ncdu-
lus) wouli then be about lA. The surface tonsion forces cn 2 small
fupp on tho surfoce (flig. 1 (a)) obviously havoe the richt char-
actor (a central pull surroundcd by a rcstralning pressure) to
'wire-draw! It into a vhiskor accordinc to Intuitivo !deas of
plustic flow. For the obscrved whisker size (R ~ 104 em) the
stress of order ¥ /R in and just bolow the hmp might oxceed thse
actual ylcld stros.i, thoush not thns theoretical yleld stroas
(~ M /20). lovever, on this small scalo one rust consider in de-
tail how flow is catalyzed by dislocation.

The model of fig. 1 lends itself to rough calculations.

A Prank-~Read source of length l and vertical Burzers vector

» lles in a horizontal planc (b) at a depth of order [ below
the hump. The siress T __ (rfig. 1(c)) makes the source eait a
dislocation loop by *ciimb'. The loop expancs in ths plane (t)
until 1t reaciies a radlus w'ere Tzz = 0, ilere the strescs sz
asdisted by imase forcos makes tho loop ;lide vortically, so adding
onc atomle layor to tho base of thie hwap, Wicn by repetition of
$%1a a rcasonablo w:iskor has grown 1[’22 will be 2 7Y /R in the

whiskor and about )’/R at the source. To opcratu tho sourco
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Tz must be at least b/l . With Y/u~1A ~ b tiis
willzbc so iIf R ~ [ - The stress at the source ultimately
falls off both for R >7 | and R <& |  1f the sourcs depth
stays cénatant. The wilsker radius is thus tied to the length of
a Prank-Read source, which is usually supposed to be abtout one
mioron. Tha surface T gy = O forms a *stress funnel' which
guldes cuch loop more or less unerringly ta Breek surface at the
base of ths whisker, end so keeps its digmeter constant. If the
motd onn of te sourco i3 not to be stopped bty tihwe back-pressure of
the vacancies 1t emiis theroc must bo suitablo sinks for tliem. It
can be shown tiint surface tcnsion chanses tiw volumc of a body of
any shape with comprossibility ), by % X timos its surface
aroa., ror a magroscopic specimon the correspondin; moan pressure
=) ~ (surface/volums) would fall far siort of the
value roquireod to make Frank-Read scurcos in the interior act as
the necessary sinks. llowever, it 32h0uld not be .iard to find thom
at the surface. Franks has shown that even with positive surface
tension it may be energetically an advantage for & dislocation
reaching tie surface to develop a hollow core. Or again, if we
had a depression instead of a hump in fig. 1 the source would work
in rcverse, absorbing vacanciea and deerening the depression.

Vie may uso a calculetion of Hott‘s6 to find the rate of
rrowth. lo showed that, if a cube has normal stresscs P on one
pair of cpposite faces and -P on another pair, a volums V-~ IIb])(PJ/kT)
of matorial is transforred from onoc pair of facos to the othor in

unit time if thore are !l points on dislocations which can absord

or n~mt vacancics and the coefficiont of solf-diffusion is D. Our

ceso is analozous, P 1is 7/? times a factor K depending on the
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j; dotallcd strosa-distribution, including a possible stress concon-
tration if successive loops help one anotlwor N 13 about L /Y,
tte number of lattice sites per loop tilaies the fraction B (perhaps
ZZ 1) of them wiich can emit or absorb vacanzies timses n the number
of locps in transit betwoen source and surface at one time. The

rate of chanze of the whisker length h will thus be

A= V/TR ~ kpn D (6) (76/kT).

With the value of D for tin at room temperatur07

we can 3ot =
growth rate of a millimcter or a centimotor nor joar with Kfn ~100
or 1000, The small number of accidental coincidences of sources
and suitablo surface irrecularitics mey Lo cnouch te account for
the numdber of whiskcrs por unit t‘::ﬁ If not, we micht suppose
that the sources build their own humps by oporatins initially with-
out stross as the result of a subsaturation of vacancies due to a
change of temperature.

llany variations of this model are poasible. Ths trunsier
of loons to the swrface misht ocour by the formation and joining
up of cezcnlary loops in a vertical plane s in 'prisimatic punch-
ing'es whare the stress distribution is similar. The whiskers
might then be prisimatic. Professor Seits (to whom the writer is
indebted for holpful discussions) has sucrested & mechanism in-
volvins a spiral prisimatic dislocation? which 1s the iniernal

countorpart of spiral growth on the surface and which leaves a

scrow dislocation alon; the axis of the whisker,
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